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Thermo-TRP can be directly gated by low or high temperature, doing so with
outstanding temperature sensitivity and giving rise to the molecular basis for
temperature sensing in animals. The mechanism of temperature sensitivity in
these channels is associated with large changes in enthalpy (DHo) and entropy
(DSo) upon channel gating. The magnitude, sign, and temperature depen-
dence of DHo and DSo, the last given by an associated change in heat capac-
ity (DCp), can determine a channel’s temperature sensitivity and whether it is
activated by cooling, heating, or both, if DCp makes an important contribu-
tion. Thermo TRP can also be activated by several chemical stimuli and
show modest voltage-sensitivity. These channels have been shown to be allo-
steric proteins and several of their gating behaviors can be explained by
assuming coupling between allosterically coupled gating modules and a
pore module. We show that in the presence of such allosteric gating mecha-
nism, other parameters, apart from DHo and DSo, which include the gating
equilibrium constant, the strength- and temperature dependence of the
coupling between gating and the temperature-sensitive transitions, as well
as the enthalpy/entropy ratio associated with each transition, can strongly
determine the temperature-dependent activity of a particular channel, giving
rise to cold or hot activated channels operating with the same temperature
sensor but inverted coupling. Also of interest we show that allosterically gated
thermo-TRPs can respond to both cooling and heating in a DCp-independent
manner.
This work was supported by grant No. CB-1512197 from CONACYT-Me´xico
and grant No. IN212612-3 from DGAPA-PAPIIT.
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Toward the Mechanism of Capsaicin Binding to TRPV1 in a Lipid Bilayer
via Atomistic Simulation
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Many lipophilic small molecule ligands (drugs and natural compounds)
interact with membrane proteins, but often experimental approaches to
address these interactions prove costly and time-consuming at best, intractable
at worst. Studies of these ligands using molecular dynamics (MD) simulations
in an explicit lipid bilayer system can aid our understanding of their possible
mechanisms of action with the target membrane protein. Capsaicin, the active
ingredient of chilli, and related vanilloid ligands specifically modify the activ-
ity of the TRPV1 heat-sensitive ion channel and are thought to interact with
the transmembrane region of the protein. However, many details of this inter-
action such as the orientation of capsaicin and the involvement of other do-
mains of the channel in ligand binding remain unknown. In this study we
employ MD simulations to define the interactions of capsaicin with a lipid
bilayer via equilibrium simulations, PMF calculations, and simulations with
a homology model of rat TRPV1. Our simulations show that capsaicin spon-
taneously partitions into phospholipid bilayers and preferentially localizes at
the water/bilayer interface. They also suggest the significance of capsaicin
flip-flop from one side of the bilayer to the other. These and related results
are discussed in the context of understanding the significance of the lipid
bilayer environment to the orientation and kinetics of the interaction of capsa-
icin with TRPV1.
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Transient receptor potential melastatin 8 (TRPM8) is an outwardly recti-
fying, nonselective cation channel and has been shown to be activated
(gated) in a polymodal manner by voltage, chemical ligands, cold tempera-
tures, lipids, and modulatory membrane proteins. Channel expression is
most closely associated with sensory neurons, though it is expressed in
many types of tissues. Since its discovery, much attention has been paid to
TRPM8 because of its role in human health and disease. The most well-
known function of the channel is in cold sensation and related cold-
induced pain. However, the initial discovery of TRPM8 came about through
its identification as an oncogene that is up-regulated in prostate, breast,
colon, lung, and skin cancers. TRPM8 is also significant as a pain receptorand is considered a hopeful target for analgesic development. At the heart
of unlocking the widespread therapeutic potential of TRPM8 rests on under-
standing how to open and close, or gate the channel. The voltage-sensing
domain (VSD) of TRPM8 is key to gating and has been shown to form a
nexus where at least chemical ligands and voltage are integrated to cause
channel gating. Here we present the conditions used to express and purify
the folded TRPM8 VSD, show initial solution NMR-based structural charac-
terization, as well as far UV circular dichroism and differential scanning
calorimetry biophysical studies.
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Like other TRP channels, TRPV3 is a multimodal cation channel, and can
be activated by stimuli including natural compounds such as camphor,
thymol, endogenous ligands FPP, NO and synthetic small molecular
2-APB. In all six members of TRPV channel subfamily, there is an ankyrin
repeat domain (ARD) in their intracellular N-termini. Ankyrin (ANK)
repeat, a common motif with typically 33 residues in each repeat, is primar-
ily involved in protein-protein interactions. Despite the sequence similarity
among the ARDs of TRPV channels, the structure of TRPV3 ARD, how-
ever, remains unknown. In this study, we report the crystal structure of
TRPV3-ARD solved at 1.95 A˚ resolution, which reveals six-ankyrin repeats.
While overall structure of TRPV3-ARD is similar to ARDs from other
members of TRPV subfamily; it, however, features a noticeable finger 3
loop that bends over and is stabilized by a network of hydrogen bonds
and hydrophobic packing, instead of being flexible as seen in known
TRPV-ARD structures. Electrophysiological recordings demonstrated that
mutating key residues of finger 3 altered the channel activities and pharma-
cology. Taken all together, our findings show that TRPV3-ARD with char-
acteristic finger 3 loop likely plays an important role in channel function and
pharmacology.
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A Structural Framework for the Polymodal Pain Sensor TRPV1
Fan Yang, Vladimir Yarov-Yarovoy, Jie Zheng.
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TRPV1 is an important polymodal cellular sensor for heat, capsaicin, and
other noxious stimuli. How the channel is activated by diverse physical
and chemical stimuli remains largely unknown. Structural information is
critical for mechanistic investigation but is currently lacking for TRPV1
and its homologs. In order to provide a structural framework for the study
of TRPV1 gating mechanism, we have first modeled the transmembrane
region in both the closed and open states using the Rosetta method. Reli-
ability of predicted structural models is supported by results from a combi-
nation of mutagenesis, fluorescence imaging and patch-clamp recording
tests. We found that while the overall predicted structural architectures
resemble those of other six-transmembrane tetrameric cation channels, there
are a number of interesting unique structural features that may contribute to
capsaicin sensitivity, coupling of conformational changes in the turret and
other extracellular structures to the pore, as well as pore dilation upon acti-
vation. Extending these modeling efforts to the intracellular regions further
indicated potential structural elements that may mediate subunit assembly
and modulation by intracellular factors. Therefore, our model has setup a
framework for further investigation of the molecular events that lead to
TRPV1 activation.
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Chemosensation is a signal transduction process in which exogenous com-
pounds interact with receptors and give a taste, odor or other sensation. The
TRPV1 ion channel is one of the most important chemoreceptors associated
with pain. This channel is activated by pungent compounds like capsaicin
(Chili peppers), low pH, high temperature, allicin (Garlic) and others. Allicin
(diallylthiosulfinate) is non polar compound that reacts with cysteines forming
an allylcystine.
Wednesday, February 19, 2014 757aThe rat TRPV1 is activated by allicin reacting with the cisteine at position
157 generating calcium entry into cells. C157 is located in the N-terminal
Ankyrin Repeat Domain (ARD). The ARD crystallographic structure showed
a hidden C157, but reactivity of this supposes an alternative conformation
were C157 is more accessible. The conformational changes of the TRPV1
structure after the modification with allicin are not known. In this study
we used the wild type TRPV1 ARD to investigate the reaction of allicin
with the ARD using circular dichroism, fluorescence spectroscopy and mo-
lecular modeling to assess the reaction rate and the degree of perturbation
to the ARD structure. Our findings show that pure allicin in complex with
ARD gives a reaction that showed changes into the far-UV circular dichro-
ism spectra. Mainly the peak at 190 nm shows an increment, presumably
due to an increment in alpha helical content after covalent modification of
C157. Fluorescence spectra showed a shifted signal from tryptophane 272
from 332 nm to 339 nm, suggesting a conformational change that exposed
W272. Accessible surface area analysis of C157 in crystallographic ARD
showed a hidden cysteine into the second motif of the ARD. We used molec-
ular dynamics of the ARD in solution to look for a conformation with an
accessible path for allicin.
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The capsaicin receptor Transient Receptor Potential Vanilloid 1 (TRPV1) is a
polymodal, Ca2þ-permeable ion channel essential for nociception. Like
most members of the TRP family, it is known to be regulated by phosphati-
dylinositol 4,5-bisphosphate [PI(4,5)P2]. Although the majority of PI(4,5)P2-
regulated ion channels are activated by this phosphoinositide, TRPV1 was
initially suggested to experience inhibition. Data from cellular systems sup-
port the idea that TRPV1 activity depends on the presence of phosphoinosi-
tides in the membrane. The purified TRPV1, on the other hand, was
recently shown to be fully functional in artificial liposomes in the absence
of phosphoinositides. We expressed the rat TRPV1 channel in Xenopus
oocytes and performed patch-clamp experiments in the excised inside-out
configuration. We found that in addition to PI(4,5)P2, several other negatively
charged phospholipids, including phosphatidylglycerol, could also support
TRPV1 activity in excised patches. When we incorporated TRPV1 into planar
lipid bilayers consisting of neutral lipids, capsaicin-induced activity depended
on PI(4,5)P2. We also found that TRPV1 activity in excised patches ran down
upon excision and that perfusing the patch with MgATP restored channel
activity. Inhibition of phosphatidylinositol 4-Kinases or enzymatic removal
of phosphatidylinositol abolished this effect, suggesting that MgATP acti-
vated TRPV1 by generating endogenous phosphoinositides. We conclude
that endogenous phosphoinositides are positive cofactors for TRPV1 activity.
Our data highlight the importance of specificity in lipid regulation of ion
channels, and may reconcile discordant data obtained in various experimental
settings.
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Venom from poisonous organisms is a rich source of peptide toxins interact-
ing with different ion channels proteins. These peptide toxins modulate ion
channels by different mechanisms, and have been widely used as tools for
investigating ion channel mechanisms. Double-knot toxin (DkTx) is a novel
peptide toxin that activates TRPV1 channels, and contains two inhibitory
cysteine knot (ICK) motifs, as its name suggests. Previous studies show
that DkTx activates TRPV1 channels, and suggest that the avidity of the
toxin (slow unbinding) arises from its bivalent nature. Here we use solid-
phase peptide synthesis to individually produce the two knots of DkTx
(K1 and K2), fold each in vitro, and find that they exhibit different binding
affinities for the channel even though they share high sequence homology.
As a first step toward understanding the structural and functional relationship
of DkTx binding to TRPV1 channels, we determined solution structures of
each knot in using NMR. The structures show that DkTx is composed of
two notably amphipathic ICK motifs (each with two beta-strands) that are
connected by a flexible linker, and that K2 has a larger hydrophobic surface
compared to K1. In addition, the single conserved Trp residue in each knotshow different orientations, with that in K1 exhibiting greater solvent
exposure. Interestingly, using intrinsic Trp fluorescence, we observe strong
partitioning of DkTx and K1, but see no evidence of membrane partitioning
for K2. We also made a series of K1/K2 chimeras, and identified variant
residues in two loops and the C-terminus that are responsible for the
higher activity of K2. From these results we propose that membrane interac-
tions are involved in the mechanisms of DkTx activation of TRPV1, and
identify surfaces of the two knots that likely involved in binding to the
channel.
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TRPV1 measured in lipid bilayers The TRPV1 ion channel is a member of
the transient receptor potential ion channel family which is known to respond
to temperature, voltage and certain chemicals such as capsaicin. We have
engineered a HEK cell line expressing FLAG-tagged TRPV1. Cellular mea-
surements of expressed TRPV1 with capsaicin resulted in dose dependent acti-
vation with an IC50 of approximately 10 nM. Reconstitution of purified TRPV1
and membrane preparations containing TRPV1 in lipid bilayers resulted in
conductance measurements of single and multiple channels. We present bilayer
measurements of TRPV1 conductance as a function of voltage, temperature,
and presence of agonist and antagonist chemicals.
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Transient receptor potential (TRP) proteins are a large family of polymodal
non-selective cation channels. The TRP vanilloid (TRPV) subfamily consists
of six homologous members with diverse functions: TRPV1-4 are non-
selective cation channels proposed to play a role in nociception, while
TRPV5 and TRPV6 are involved in epithelial Ca2þ homeostasis. Here we
present the cryo-electron microscopy (EM) structure of functional, full-
length TRPV2 at 13.6 A˚ resolution. The map reveals that the TRPV2
cytoplasmic domain displays a four-fold petal-like shape in which high-
resolution N-terminal ankyrin repeat domain (ARD) structures can be
unambiguously fitted. Fitting of the available ARD structures for other
TRPV subfamily members into the TRPV2 EM map suggests that TRPV
subfamily members have highly homologous structural topologies. These
new results allowed us to postulate a structural explanation for the functional
diversity amongst TRPV channels and their differential regulation by pro-
teins and ligands.Cyclic Nucleotide-gated Channels
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Singlet oxygen (1O2) is a little known signaling factor but a useful tool for
both basic research and clinical practice. 1O2 is the central player in the
Chromophore Assisted Light Inactivation (CALI) for ablating the function
of protein molecules or cells and the Photodynamic therapy (PDT) for treating
cancer and other diseases. However, most of the studies on 1O2 have been
carried out at cell and tissue levels and yielded little information about 1O2
modification at molecular level. Here we report that the hyperpolarization-
activated cAMP-gated (HCN) channels are sensitive to 1O2 modification.
To increase the site-specificity of 1O2 generation, fluorescein conjugated
cAMP (FITC-cAMP) that specifically binds to the HCN channels or in-
frame inserted singlet-oxygen-generator (SOG) protein was used as photo-
sensitizer. Laser pulses in milliseconds transformed the channel biophysics
by slowing down the channel deactivation and increasing the voltage-
insensitive component in the macroscopic current. The dependence on dis-
solved oxygen in the solutions, the inhibitory effect by a 1O2 scavenger
and the results with HCN2-SOG fusion protein supported the involvement
of 1O2. Intriguingly, 1O2 modification of HCN2 channel was state-
dependent and had distinct effects on the open and closed channels. Following
this insight, we located a critical Histidine residue (H434) near the activation
